Introduction
Spatial density variations generated by crustal geological processes in southern California (Fig. 1 ) can be modeled using a variety of data sets, including gravity and seismic velocities. To examine the ability of geophysical data to resolve the 3-dimensional (3-D) distribution of density variations, we analyzed two independent data sets, the isostatic residual gravity map and a 3-D crustal velocity (Vp) model [Hauksson, 2000] . The two data sets are complementary in that velocity data provide constraints on subhorizontal interfaces whereas gravity data image steep boundaries well.
To provide detailed understanding of the 3-D density distribution we compared predicted gravity from the 3-D velocity model for the uppermost 10 km of the crust with the observed isostatic residual gravity field. This comparison makes it possible to discern which anomalies reside in the upper crust and to infer that the long-wavelength differences are caused by density variations in the lower crust. Thus we are able to provide independent depth constraints for the crustal density anomalies beneath southern California.
We use the results of this joint interpretation of isostatic gravity, 3-D Vp model, and depth to Moho to suggest a general inverse relationship between lower crustal density and thickness. This relationship applies to most areas of Southern California except in active tectonic areas, such as the northern end of the Salton Trough and the eastern Ventura basin. 
Methods
Gravity data were corrected for earth-tide, instrument drift, elevation, latitude and terrain, and then reduced to Bouguer anomalies using a reduction density of 2670 kg/m 3. An additional isostatic correction using a sea-level crustal thickness of 25 kin, a crustal density of 2670 kg/m 3, and a mantle-crust density contrast of 400 kg/m 3 was applied to the gravity data to remove long-wavelength gravitational effects of isostatic compensation of the crust due to topographic loading. The resulting field is termed the isostatic residual gravity anomaly and reflects, to first order, density variations within the middle and upper crust (Fig. 2a) [Simpson and others, 1986] . The uncertainty in the measurements used to create the isostatic residual gravity map is on the order of 0.1 regal and can be as high 5 regal in extreme cases.
Other methods, such as polynomial fitting or by wavelength filtering, are often used to calculate residual gravity anomalies but those methods eliminate all wavelengths longer than some threshold, whether or not they are related to topographic features. In particular, longwavelength anomalies entirely caused by lateral variations in crustal density will be eliminated by these techniques. Even though base levels may change, short-wavelength residual anomalies (<100 kin) produced by upper-crustal sources tend to be little changed by the use of different isostatic models in California [dachens and Griscom, 1985] To quantify differences between the predicted and isostatic residual gravity, we subtracted the predicted gravity from the isostatic residual gravity. To determine the residual difference map, this difference was then upward continued 5 km to enhance the longer-wavelength differences that would be caused by sources in the middle and lower crust (Fig. 2c) .
The (Fig. 2d) . This observation suggests that areas of active tectonism, excluding the San Andreas fault proper, may be characterized by thinner crust and by higher densities in the lower crust.
The residual difference map shows a large positive anomaly centered over the Salton Trough. This anomaly coincides in part with the absence of crystalline basement (and presumed presence of high-velocity, high-density mafic crust) as interpreted from seismic-refraction data [Fuis et al., 1984] and thin crust (Fig. 2d) [Fuis et al., 1984] . Because there is no isostatic residual gravity low over the Salton Trough area, high-density mafic lower crust must-mask the gravity low caused by low-density sediments.
The residual gravity high associated with the Salton Trough extends to the northeast over the Chocolate Mountains (Fig. 2c) Fig. 2c; Fig. 3) . In contrast, analysis of gravity data and 2-D seismic velocities along the LARSE I transect suggests that the velocities of the 2-D model are too slow for the upper crustal rocks of the San Gabriel Mountains relative to those in the Mojave Desert and thus do not successfully predict the observed gravity along that part of the transect (Fig. 3) 
